To identify changes in blood pressure and heart rate in individuals with chronic paraplegia undergone neuromuscular electrical stimulation treatment. METHOD: Design: Observational prospective. Participants: Twenty individuals with chronic paraplegia (neurological level above T6) belonging to two different groups (G1 and G2) were submitted to an upper limb exercise test. G1 patients (n=13) had been treated with neuromuscular electrical stimulation (25Hz, pulses of 300μs, 100V) for 2 years or more, at least once a week; G2 patients (n=7) did not receive neuromuscular electrical stimulation treatment; G3 individuals (n=6) were healthy volunteers. Procedures: Arterial blood pressure and heart rate were measured during four phases of the exercise test: at initial rest, during warmup, during the exercise itself, and at rest after the exercise. RESULTS: Systolic and diastolic blood pressures showed no statistical difference between groups. In the comparison between exercise phases, regardless of the group, systolic pressure was significantly higher and diastolic pressure significantly lower at the end of the exercise itself, when compared to all other phases. Resting heart rate was significantly lower in healthy controls vs. G1 and G2, which were not significantly different between themselves. Exercise increased heart rate in all groups. CONCLUSION: This study showed that the groups are normotensive and homogeneous in their results; heart rate was higher in both paraplegic groups compared to healthy controls, but no difference was found between treated vs. untreated groups. Thus, neuromuscular electrical stimulation is a safe and effective way to treat individuals with chronic paraplegia.
who, in Brazil, are usually young men, aged 15-35 years, they will still have to deal with Autonomic Dysreflexia, the silent and potentially life -threatening complication. 1 The population of individuals with SCI is increasing in Brazil and in the world, because of car accidents, firearms, cold weapons, diving, falls, among others, or because of natural disasters, such as earthquakes. [2] [3] [4] [5] Life expectancy after traumatic SCI improved significantly in Great Britain over a 70-year period, between the decades of 1950-2010.
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The American Spinal Injury Association (ASIA) Impairment Scale (AIS) was applied by a single professional trained and qualified to do so. Briefly, AIS classifies the severity of spinal cord injury, identifying sensory levels (scored for 28 locations, maximum 112 points) and motor levels (scored to a maximum of 100 points). 9, 10 G1 patients had been treated with NMES for more than 2 years, at least once a week. (treatment initiated at least 1 year after injury). For this, a 4-channel electrical stimulator was used, with a monophasic signal of 25 Hz, rectangular pulses of 300 μs and maximum intensity of 100 V (1 kΩ load). NMES was applied on the quadriceps and on the fibular nerve for 20 and 15 minutes, respectively.
G1 and G2 subjects performed the upper limb exertion test in their daily use wheelchairs during the year 2015; G3 subjects carried out the test in an ordinary chair. A custom-made During the upper limbs exertion test all subjects were monitored for systolic and diastolic blood pressures, and for heart rate data, which were acquired simultaneously.
The exertion test used was the Conconi model, which was adapted for the wheelchair users. 11, 12 This test was applied three times to all participants on consecutive weeks. The entire activity was divided into four phases: initial rest (5 minutes), warming up, test itself (until fatigue) and final rest (5 minutes). After the initial rest period, the warming up phase consisted of cyclic movements with the upper limbs at a predetermined speed of 5 km/h for 2 minutes. Next came the test itself, which was started with a speed of 7 km/h during the first minute. Verbal commands were given to the subjects to increase speed by 1 km/h at every minute until fatigue set in, at which point the test was concluded.
The tests were performed without load, with the test proper lasting in average 11.34 minutes throughout the groups.
Data analysis was done through measures of mean, median, standard deviation, minimum and maximum values. Phases and groups were compared through ANOVA technique for repetitive measures with response variables transformed to segmented factors. The significance level adopted was 5%.
■ RESULTS
Demographics and clinical datsa on the included subjects are displayed in Table 1 . Systolic and diastolic Consequently, health complications have become more evident on account of the increase of the SCI population and of their life expectancy. Autonomic Dysreflexia is a complication due to the breakdown of the Autonomic Nervous System function resulting from SCI; 90% of the cases are observed in spinal cord injuries at high neurological levels, i.e. above the sixth thoracic nerves. The clinical signs of autonomic dysreflexia were first observed in 1830 in a patient presenting intense sweating and cutaneous erythema in the head and neck during a vesical catheterization. In 1917, autonomic reflexes were associated to the vesical and cutaneous stimuli below the level of SCI. The relationship between paroxysmal hypertension and the increased number of individuals with SCI was only confirmed in 1947. 7 It is a well-established fact that negative cardiologic changes are events caused by reduced sympathetic and increased parasympathetic control. The disordered relationships between these two systems results in variations of heart rate and blood pressure and may cause arrhythmias, namely bradycardias with a risk of cardiac arrest in individuals with high cervical and thoracic injuries. 8 In view of the relationship between harmful skin and vesical stimuli below the lesion level and signs and symptoms generated by the lack of harmony within the autonomic nervous system, the objective of this study was to describe the blood pressure and heart rate changes observed in a group of individuals with high paraplegia who underwent treatment with Neuromuscular Electrical Stimulation (NMES).
■ MATERIALS AND METHODS
Twenty individuals with chronic paraplegia (neurological level above T6) selected from of the University Hospital outpatient clinic were included in this study. They divided into two groups. G1: patients (n=13) who had been treated with neuromuscular electrical stimulation (25Hz, pulses of 300μs, 100V) for 2 years or more, at least once a week; G2: patients (n=7) who had not received neuromuscular electrical stimulation treatment; the control group (G3) comprised 6 healthy volunteers. All subjects were volunteer collaborators, and this work was approved by the Institutional Ethics Committee (case # 682.840). The inclusion criteria for G1 and G2 were as follows: (a) male subjects, age over 18 years; (b) a history of at least 2 years of spinal cord injury at a neurological level between T2 and T6; (c) a record of at least 2 years of NMES treatment initiated at least 1 year after injury (only for G1) (d) hemodynamically stable. Exclusion criteria for these groups were: (i) inability to understand the activities; (ii) presence of infection, (iii) functional disability of the upper extremity; (iv) severe medical restrictions. G3 included healthy sedentary male subjects. Individuals with no spinal cord injury or upper extremity musculoskeletal disorders. blood pressures, and heart rate throughout the test, according to phases and the groups are displayed in Figures  1-3 , respectively. Figure 1 shows that systolic blood pressure exhibited no significant differences between groups (p = 0.147), regardless of phase. However, at the end of the fatigue phase systolic pressure was significantly higher (p < 0.001), compared to the values of the other three phases.
Diastolic blood pressure ( Figure 2) shows that similarly to systolic pressure, no significant differences occurred between groups (p = 0.311). However, and independently of groups, diastolic pressure was significantly lower (p < 0.001) at the end of the fatigue phase, compared to the other three phases. Figure 3 shows that significant differences (p < 0.001) were observed between the groups for heart rate. Regardless of the phase, G3 presented significantly lower values than the G2 (p = 0.037) and G1 (p-value = 0.009). There were no significant differences between G1 and G2 (p = 0.9538). Significant differences were also observed between phases independently of the group: the initial rest phase presented the lowest, whereas the fatigue phase presented the highest values of the series.
■ DISCUSSION
In this work, the aim was to analyze heart rate and blood pressure during the physical exertion test of upper limbs and NMES, identifying possible changes caused by the treatment in individuals with chronic paraplegia. It is known that NMES provides benefits to individuals with SCI such as recruitment of muscle fibers, improvement of muscle tissue oxygenation and venous return, orthostatism, gait and adequacy of upper limb tasks, as well as increased cardiac blood flow. 13 Faced with so many benefits and considering its important role in the rehabilitation of these individuals, it was necessary to investigate the cardiologic aspects and its possible changes in this treatment strategy. Heart rate for G3 (controls), G2 (no previous NMES) and G1 (previous NMES). * indicates that diastolic pressure was significantly lower for controls vs test groups. 14 have shown that physical activity generates important metabolic alterations and autonomic modifications that influence in the cardiovascular system.
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The hypothesis regarding the lack of active musculature and the accumulation of adipose tissue is a significant indicator in which the increase of carotid intima-media thickness was investigated in a comparative study between spinal cord injured individuals with neurological level between C4-T12 and healthy individuals. 15 In a recent study, heart rate variability was analyzed in 60 patients with spinal cord injury divided into 2 groups (above and below the T6 level) in relation to the control group. The evaluation was done from the waveforms and spectral analysis of the electrocardiogram. Statistical data showed that both groups of patients had some degree of autonomic dysfunction. However, the group of patients with spinal cord injury above the T6 level presented an increased risk of comorbidity and morbidity. 16 Manogue et al, 17 in a recent review have noted that both acute and chronic SCIs are often followed by cardiac abnormalities, characterized by impairment of the Sympathetic Nervous System, with dominance of the Parasympathetic counterpart. Episodes of bradycardia, sinus arrest or total heart block are observed in the acute phase. In the chronic phase, there are episodes of autonomic dysreflexia and paroxysmal hypertension, which are frequently initiated by vesical distensions or other stimuli below the lesion, and may be followed by bradycardia or tachycardia. They also note that the prognosis of these individuals tends to improve due to new technological advances and improved professional care. 17 We believe our contribution here shows that cardiovascular function is essentially normal in chronic paraplegia.
Bar-On et al 18 evaluated, in paraplegic patients, the relationship between heart rate and O 2 consumption at maximal physical effort: they report that, in individuals with SCI below T3, the interaction within the Sympathetic Nervous System is intact, because a linear correlation between heart rate and O 2 consumption occurs due to increased exercise load. However, they do suggest the presence of some other compensatory mechanism in the regulation of cardiac control.
It is known that individuals with acute or chronic SCI exhibit cardiac impairment due to the lack of harmonization within the autonomic nervous system, especially when patients with a neurological level above T6 are considered, 14, 16, 18 suggesting the presence of a compensated sympathetic impairment. 16, 18 In our study neither systolic nor diastolic pressure were significantly different between the three groups in response to exercise, with or without NMES treatment. However, in the comparison between exercise phases, significant differences for systolic and diastolic pressures were found. Systolic pressure became higher during the test itself (fatigue) due to the increasing speed imposed by the test and consequently the increase of the force of ventricular contraction and cardiac output during the exercise. 19 On the other hand, diastolic pressure was lower at the end of the exercise itself. The values were significant in relation to the phase and were consistent with a drastic drop in resistance to peripheral blood flow during exercise. 19 
Petrofsk
20 investigated the systolic and diastolic blood pressure and heart rate responses in paraplegics having complete and incomplete injuries and healthy volunteers during fatiguing isometric contraction of the grasp and quadriceps muscles. All subjects performed voluntary grasp and presented pressure and heart rate increasing from rest to fatigue. Quadriceps contraction was generated by functional electrical stimulation in patients, and their systolic and diastolic responses were similar to the healthy controls. However, the heart rate of healthy controls reached 127 beats/min at the end of the contraction, while the paraplegic group presented an average increase of 6 beats/min. According to these findings, the control of blood pressure is peripheral in origin and heart rate seems to be centrally mediated.
This study also shows that NMES treatment did not generate sympathetic hyperexcitability and a possible hypertensive peak, nor did it cause cutaneous stimuli below the lesion level. Therefore, NMES is a safe and effective treatment for this group of individuals.
Healthy controls presented a lower heart rate when compared with the paraplegic patients, with no difference between treated and untreated groups. This difference is very likely a consequence of the severe deficit of active musculature in paraplegic individuals, placing them at the disadvantage in relation to the control group, a fact already expected by the study. Nonetheless all three groups exhibited the physiologically expectable tachycardia during exercise, further confirmation of the harmless action of NMES.
Study Limitations. The sample is small because of the smallness of the group of patients treated with NMES in our Institution. Recruitment of paraplegic patients (levels T2 -T6) who had not undergone NMES treatment was even more difficult. Although this study has demonstrated that NMES is an effective and safe strategy of treatment, future studies with more volunteers will be necessary to confirm these results. However, to the best of our knowledge, no published report covers this specific aspect of the management of paraplegia.
■ CONCLUSION
This study showed that the paraplegic patients with lesions above T6 are normotensive and remain hemodynamically stable during an exertion test coupled with Neuromuscular Electrical Stimulation. As a consequence of sedentarism and deficient muscular masses, paraplegic patients presented nos uma vez por semana; os pacientes do G2 (n = 7) não receberam o tratamento com estimulação elétrica neuromuscular; os indivíduos do G3 (n = 6) eram voluntários saudáveis. Procedimentos: A pressão sanguínea arterial e a frequência cardíaca foram medidas durante quatro fases do teste de exercício: no repouso inicial, durante o aquecimento, durante o exercício e no repouso após o exercício.
RESULTADOS: As pressões arteriais sistólica e diastólica não apresentaram diferença estatística entre os grupos. Na comparação entre as fases do exercício, independentemente do grupo, a pressão sistólica foi significativamente maior e a pressão diastólica significativamente menor no final do exercício, em comparação com todas as outras fases. A frequência cardíaca em repouso foi significativamente menor em controles saudáveis versus G1 e G2, que não foram significativamente diferentes entre eles mesmos. O exercício aumentou a frequência cardíaca em todos os grupos.
CONCLUSÃO: Este estudo mostrou que os grupos são normotensos e homogêneos em seus resultados; a frequência cardíaca foi maior em ambos os grupos paraplégicos em comparação com controles saudáveis, mas nenhuma diferença foi encontrada entre os grupos tratados versus os não tratados. Assim, a estimulação elétrica neuromuscular é uma maneira segura e eficaz de tratar indivíduos com paraplegia crônica.
PALAVRAS-CHAVE: Lesão Medular, Paraplegia, Pressão Sanguínea, Frequência Cardíaca, Estimulação Elétrica Neuromuscular, Disreflexia Autonômica. higher basal heart rates vs healthy controls. Overall, this study showed that NMES is a safe and effective form of treatment for individuals with high level paraplegia, although more studies should be done towards a better understanding of the role of NMES in autonomic dysfunctions.
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